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' jcm investigations of soviet physics on the 

THEORY OF FERRO- AN;> ANTIKERRCUAGN2TISJC FOR 
LAST if EARS. 

S.V.Vcnsovski, 

Institute of Fhysics of Metals, 

Academy of Sciences of the USSR, 

Sverd'evck, US.'T , 

During the time since the last International Conferen 
ce *n Magnetism (Grenoble,I#58)the research work on the 
theory of feglh*-and antif erromagneti :>ti has been conducted 
in the USSR;^'|^jli^^|ttp following lines: 

_ I* general quantum theory of 

ferro- an4 »«tIf8m U3ing quantum-statistic 
methods (Green-f uaotl#a»)i the spectrum of elementary 
exitations has bedfct 4ot«*«lned,as well as their lifetime 
in a wide temperature rakgot the temperature march of 

magnetization has been calculated - for lower tempera- ' 

turea it coincides with the predictions of the spin- 
wave approximations,for higher temperatures (near and 

above Curie point) with those of the molecular field |< 

method (Bogolubov and Tiablikev 1 ^). Ginzburg and Fain‘S 
have suggested a different self-consistent generalisation 
of the spin-wave method and obtained analogous results. 

The spin-wave model has been generalized for the case of ^ 

several electrons near the lattice peint-^; the quantum 

theory of ferrites*^ and thermodynamic theory of ferro- / 

c \ 

magnetic transformation''; have been further developed. 

2. The work continued on developing quantum theory 
of ferro- and antiferromagnetic metals within the 
frame work of (s-d)-exchange scheme using the method of 
Green-functions '.A spectrum of pin-raves in Fermi 
liquid is obtained . The question is investigated 
connected with the recombination process of current 
carriers of semiconductors with the energy transfer to 
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<erromagnons 8 ^ and ths energy spectrum of carrent carrier* 
is calculated for case of intrinsic and impurity conduc¬ 
tion of ionic antiferromagneticB 9) . 3tudy was made of the 
interrelation between superconductivity and ferro- and 
antiferromagnetism and of influence o> exchange interne - 
tion on the parameters of a superconductor .A method is 
put forward for determining the Perm!-surface shift of 
conduction electrons of ferromagnetic with different spin 
projections 

3. A theoretical study of the phenomena of atomic 
magnetic order in crystals has resulted in the prediction 
and discovery of piezomagnetism and magnetoelectric 
effect 12 K 

4. The work has been continued along the lines cf 
developing phenomenological treatment of the properties 
of crystals with atomic magnetic order using the 
crystal-chemical and magnetic symmetry preperties*^*'. 

5. Properties of weak ferromagnetics at low tempera- 

15 ) 

tures were investigated ' and the criterion of existence 

of weak ferromagnetism femulated*^ ^ .The peculerities of 

T 7 ^ 

this phenomenon in rhombic crystals were investigated 
A transformation from the antiferromagnetic state into a 
weak ferromagnetic one was discovered experimentally and 
explained theoretically* 8 ^. Por the first time the exis¬ 
tence of two branches of the spectrum of spin waves in 
antiferromagnetics was established from the measurements 

TO ) 

of heat capacities .Conditions of magnetic resonance in 

20 ) 

various weak ferromagnetics were investigated 

6. On the basis of the phenomenological theory of 
spin-waves there have been investigated energy spectrum 
of ferromagnoris.high frequency properties and resonance 
in ferromagnetics,surface impedance.magneto-elastic 
waves .ferroacou:;! ic resonance .thermal properties of 
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ferro- and antiferromagnetics.processes of interaction of 
3pin-vvaves with each other and with phonons.relaxation 
processes of magnetization in forrodtelectrics,dispersion 
of magnetic susceptibility and heat coductivity ^, 
thermodynamic theory of magnetic elastic media has been 
further developed 


71) 


7. Solutions of Landau-Lifshitz equation have been 

investigated for an arbitrary value of the alternating 
22 ) 

field amplitude the influence of the conditions of 

electronic resonance on the Faraday and Kerr effects was 

23) 

investigated ; methods of Green-fanctions and Kube- 
Tomita were, used for elucidating frequency dependence of 
the susceptibility of ferromagnetics 2 ^.Theereticel 
investigations were carried out of resonance line width 
in ferromagnetic metals ',ef the resenance frequency 
spectrum c .and of the role ef the dipole-dipela 
coupling in the ferromagnetic resonance 


8. Temperature dependence was calculated fer elec¬ 
tric resistance of ferromagnetics induced by scattering 
of conduction electrons with the arbitrary isotropic lew 
of dispersion by ferremagnons; heat resistance was also 
calculated fer the case of quadratic dispersion law 

A general phenomenological theory of electric conductivity 
of ferrites and antiferromagnetics has been developed 

elucidating the nature ef "anomalies" near the N<el - 

29) 

points . Theoretical prediction was made for the 
additional electric resistance due to the scattering ef 
conduction electrons by 3pin-wavee of a ferromagnetic in 
the conditions of a‘ ferromagnetic resonance 

9. Cross-sections of neutron scatering in ferremagnw- 

tics due the absorption and emission of ferremagnons have 
31) 

been calculated scattering of polarized neutrons has 

been investigated for different processes and a method is 
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indicated for separating croes-sections of these proces¬ 
ses^. /Kith the help of Green-functions the question was 
investigated related to the. width of intensity peaks of 
neutrons scattered in a given direction and induced by 
absorption or emission of a ferremagnen depending on the 
neutron energy; the width of the peak was determined by 
the damping of opin-wave exitations due to various types 
of interactions in ferromagnetic phenomenological 

theory of critical scattering of neutrons nsar the Curie 
and Nlel points is set up.Cross-sections of .elastic 

scattering.sf neutreno in ferrites depending on the degree 

35) 

of reversion and composition are calculated .Cross- 
sections of elastic and an*las tic scattering sf neutrons 
in antiferrsmsgnetics and ferrites are calculated by the 
method of spin-waves 

10. Temperature dependence of free energy of magnetic 
anisotropy and magnetostriction in ferromagnetics in the 
low temperature range is calculated on the basis sf 
phenomenological theory of spin-waves.The nature of the 
temperature inarch of the addition to the magnetic 
anisotropy constant induced by magnetostriction is elucida 
t.d 37 >. 

11. A neutrenegraphic investigation le carried out of 

the magnetic atomic structure of a number of weakly 

38) 

ferromagnetic crystals • . • 
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44.The Electrical Properties of Thin Films of Nickel 
at Very Low Temperatures 

By E.I.Kondorsky, O.S.Galkina, jO.A.Chemikova, Chsian Kai-da 
Moscow State University 


Thin nickel films were obtained by thermic evaporation 

-7 

in glass tanks brought to a pressure of 10 mm. During the 

i 

process of depositing the instillment was submerged into a 
helium bath allowing to obtain ferromagnetic films of very 

i 

high purity. ' i * 

Electrical properties of the films were studied including 
the electrical resistance temperature dependence from 2 to 
300°K and Hall's electromotive force. 

At low temperatures residual resistivity was observed 
close to that of nickel bulk specimens. The results were 
obtained on films ranging from ,50A and thicker. Hall's 
electromotive force on the said films was of the order of 
Hall's electromotive force in bulk specimens. 
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155. PliZOMAGIGTIC iiFFiiCT 
i. 3 . korovik-Itonanov, G. G. 


IN ANTIFERHOWAGN’ETS. 

Aleksanjan, P.G.Nudashevskij. 


Institute for Physical Problems, Moscow. 


It is known that the pi'ezoraagnetio effect (P.M.) may 

exist only in crystals showing magnetic structure . 

2 

Dzyaloshin ski $ investigated the thermodynamic potential 
having the following form for some or.tiferromagnets 

* 4 s . + (i) 

where‘Tij - are the stress tensor components and - 

t ie components of the magnetic moment in the crystal. 

:ie has shown that same components of the P.LI. tensor 
should be different from zero for antiferromagnets having 
a tetragonal lattice such as MnFg, and those with rhombo- 
hedral lattice such as FeCOg. For the latter only the 
following components are different from zero 

A a * A****“A yy **-iA* yi , ; A a * A„,,-A y , x 

The P.M. effect in the antiferromagnetlo fluoridea has been 

3 

discivered by one of the authors , and it has been found to 
be considerable for CoF g . The first- part of this paper ie 
devoted to analogous experiments on crystals of FeCOg. 

The magnetic moment of the specimen as a function of 
the external magnetic field was examined by a special 
magnetic torsion balance at 20°K. An essential part of this 
apparatus was the miniature press shown in Fig.l. The press¬ 
ure on the specimen 1 w&3 exerted by an evacuated and 

soldered up bellow. It was regulated by changing the press¬ 
ure of helium gas in the vessel in which the balance was 

-2 

placed. Thus we achieved a pressure •» 700 kg.cm. on the 


155 - 1 


Sanitized Copy Approved for Release 2011/03/07 : CIA-RDP80T00246A014400130001-7 



Sanitized Copy Approved for Release 2011/03/07 : CIA-RDP80T00246A014400130001-7 


specimen having a oross-sec- 
tion 1 nun . The press was 
suspended on vertical 50 4 
tungsten wires. This enabled 
us to measure the foroe on 
the specimen In the inhomo¬ 
geneous magnetic field of 
the small electromagnet 3 . 
We Investigated small crys¬ 
tals of slderite (FeC0_). 
From these two specimens 
there wars prepared :in the first the stress component was 
and the magnetio moment was directed along x - 
axis, in the 3eoond the stress component was *Ujz and the 
magnetic moment was also directed along x-axis. 

The measurements on the first specimen showed that 
within the errors of maasuremats the magnetio moments* With 
and without pressure coincided. Thus 

^ ^-0 emu. mol . leg . cra^. 

A noticeable ?.M. moment was discovered in the se.cond 
specimen (Fig.2.) Line 1 was measured without pressure; line 
2 under pressure. The upper and lower lines were obtained 
depending on the sign of the magnetic field in which the 
specimen was cooled. It is evident that the spaoimea shows 
a spontaneous magnetic moment even In the absenoe of press¬ 
ure which is obviously connected with imperfections in ths 
crystal. However under pressure the magnetic moment increas¬ 
es threefold. This oan’t be explained by a ohange in the 
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U mot J 


parasitic noment and it 
has to be ascribed to a 
/ P.M. effect. It has to be 

j' 

^pointed out that this 
value of the P.M. moment 
is obtained only if the 
specimen was cooled under 
pressure. When oooled with 
out the application of 
pressure the effect was 
smaller pointing to 
presence of antiferronagne- 
tic domains. 

The seoond part of 
the paper deals with the 
investigation of the P.M. 
effect in CoF., under the 
influenoe of ultrasonic 

pressur*. The ultr..ound In the rue* <* 10 ‘° 200 Ws *** 

6 en.r.t.d by . barium-tltan.te tranaducer. Th. P.M. —»* 

„ 8S maasurad through th. voltaga lnduo.d m plok-up coll. 
Placed around th. apeclman. The temperature dependence of th. 
p.M. moment Id the relative units Is shown In Flg.3 (curve a). 
The most interesting results were obtaln.d around 
Ip the range -2°K this dependence can be dtaorlbed by 

(e/6’.)‘*ft l - T/r ' ) 121 

where^3,8 (see Fig.3 la/aet curve b). Th. obtained dependen¬ 
ce {2) of the P.M. moment Is In agreement with the results 
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of the thermodynamic theory of phase transitions of 
the second kind. 
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167. ANTIFERR r MAGNETIC RESONANCE IN CARBONATES 
OR TiuiNSlTION ELEMENTS, 

A.S.Borovik-Romanov. 

institute for Physical Problems, Moscow. 

The anhydrous carbonates of manganese and cobalt 
Chance into the antiferromagnetic state with weak ferro- 
.'o-nitiam ,.t 3P.5°K and ia°X respectively 1 ’ 2 ’ 3 . The mag¬ 
netic structure of these substances 4 differs from the 
antiforromacnets by the spins lying in the planes 
normal to the main (trigonal) avis of the crystal. The 
angle between spins lying in neighbouring planes differs 
by a small amount from 180°. The theoretical explanation 
of ouch a structure was given by Dzyaloshinsky based on 
General thermodynamical considerations and ideas of mag¬ 
netic symmetry. Using the Hamiltonian of the form given 
in 5 the author 2 and Turov ° derived the spin-wave dis¬ 
persion law in the rhombohedral carbonates. It was proved 
that the spin-wave spectrum differs from one for the usu¬ 
al antiferromagnets and contains two branches, one of 
• hich h,s practically no gap. In the particular case of 
ortiferromagnetic resonance ( 7=0 > the following relation 
between the-frequency -b» and the value of the magnetic 
field applied in the basal plane was obtained for this 

branch: 

(«/*)*= Hq ( H 0 * H„ ) ( 1 
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njrC H l' 13 the ef fectivo field responsible for the weak 
ferroraagnitism. The value of Hj) can be derived also froA 
static measurements of the spontaneous ferromagnetic mo¬ 
ment 6' ( h d » G'/Xj). If we take the anisotropy in the 
basal plane into account an additional term of the form 
H A cos 6 f> has to be added to ( 1 ) 7 . 

Recently Date 3 found such resonance studying natural 
crystals of MnCO-j. The .purpose of the present* work was 
the investigation of this resonance on pure synthetic ^ 

crystals of MnCC^ and C 0 CO 3 . The 6 in S le crystals ( size 
of about 1 mm 3 ) were obtained by Ikornikova 9 using a 
hydrothermal method. The measurements were performed on 
a 3-cm microwave automatic frequency controlled spectro¬ 
meter with the transmitted signal being utilised. Low 
frequency magnetic field modulation was used and the de¬ 
rivative of the absorption line was automatically recor¬ 
ded. 

For MnC 0 3 in the paramagnetic state ( at room tempera¬ 
ture ) we obtained a fairly narrow line (aH-^ 200 Oe ). $, 

Its position corresponds to 3 = 2.00. Neither the posi- { 

tion of the line, nor its width depends on the orientation 
of the crystal. For C 0 CC 3 down to 2 °°* no paramagnetic * 

resonance was found. i 

The derivative of the absorption line obtained for 
MnOO 3 in the antiferromagnetic state ( 1.4.2‘K), is shown 
on Fig. 1. The h.f. and static magnetic field are mutu¬ 
ally normal and in this case are in the basal plane j 
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Fi,l 


of the crystal. The same 
result was obtained when 
the h.f. field was along 
the trigonal axis of the 
crystal. It must be stre¬ 
ssed that in contrast to 
the result obtained in 
the line is very narrow 

(/>. 60 Oe ). Apparently 

8 

the line-width in is 
caused by defects in the 
crystal. The same situat¬ 
ion seems to hold in the 

paramagnetic state. When 


crystal was rotated in the basal ° f 

line did not change 1thi» ° f 0 “' 

ants M* )-. « used relation ( 1 ) to calculate 

no value of H D . 5.35 Me. The value of d D cbtarne 

( H * 4 38 kOe ) 2 is by 20 % smaller, 
■tatic measurements ( H D 

[his may be connected with the fact that beside the an so- 
:ropy in the banal plan, there in an additional cause fcr 

the gap in toe energy spectrum. 

. nrtPO in the antiferromagnetic 

Resonance absorption in OcCO, in tbe 

stained in very small field. ( H„. 100 0. ). 
state was obtained m j 

. +0 fields lie in the basal plane 

ir both the h.f. and static fielde 

a very assymmetrical line ( «• »*• 2 > la ’ 

the h.f. field is directed along the trigonal axia. the - 

tensity of absorption fulls by a factor of about 100. 
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same time the line 

becomes more symmetric, 

«* 

Quantitative analysis 
of the data for CoCO^ 
is for the time being 
impossible since the 
value of the g-factor 
is not known. 7/e. must 
underline the fact 
that resonance in 
CoCOj ifl observed for 

fields much below the saturation value. 
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317. •MBUTBOI DIPPRACTIOH 1HVBSTIGATI0JI OP ORDER-DISORDER 
IH THE ALLOYS PERRUM-NICKB1 AHD 7ERRUM-C0BALT" 

Dr.B.O.Iyaah enko, Dr.D.P.Litvin, Dr.I.M.Pusey 
Central Research Institutof PerrouS Metallurgy ( 1IOSKOV ) 

Academy of Soiemoe of USSR ( MDSKOW ) 

1. Tha strong as yw eetry of the conoantration region of 
existing of the superlattice Ki^Pe about the stoicheometric 
composition was obtained.Thls is the oause of the asymmetry 
of the known diagram "composition-variation of the properties 

of the binary alloys li-Pe differently heat treated", Por 

* • 

the alloy 70ftKl-30J(Pe the highest rains of parameter & in 
oomparision with the parameter S of the alloy Ni^Pe was 

i 

obtained.This testifies that the investigated alloy states 
are not balanced and that the ordering energy in these al¬ 
loys is apparently different.These facts confirm the hypo¬ 
thesis of Smoluchowski about the essential inrestment of 
3d-interaction of the ordering energy in the Vl-Pe alloys 
and the olose connection of the composition dependency of 
ferromagnetlo Curie point with the shape of the alloy equi¬ 
librium diagram in the ordering region / 1 /• 

2. In the e quiet omio alloy If IPs the laminated ferromagne- 

i 

tic auperlattioe of the CuAu or OuPt types was not obtained. 
The known influence of the alloy heat treatment on his phy- 
sioal oonatante and properties oould be explained by the 
ordering prooeeeee of the positive or negative short rang 
ordering types. 
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3. The superlatice in the Mo-permalloy end supernalloy 
was not obtained also. In the 75fc-permalloy with the Cu- 
addition the long rang order degree is small.However in 
the 7permalloy with the Cr-eddition the superlattice 
was found clearly dareloped. As the' magnetic induction 
of these alloys decrease abruptlyby the addition of Cr 
it can be expeoted that the Cr atoms hare antiferromag¬ 
netic connections whis their own heighbours and take ac¬ 
tive part in the creation of the triple superstructure 
Hi^(Pe.Cr) in distinction from Cu atoms. 

4. The shape of the temperature dependency 6* .the 
large expansion of the superlattioe line and the pro - 
sence of the hysteresis of the order-disorder transfor¬ 
mation in the alloy Vi^Ve shew that the atomic ordering 
in this alloy most be attributed to the phase transform- 
nation of the first kind.This corresponds with the re¬ 
sults of the Landau-Lifahlts*s theory of the f.o.o. 
structures. With some simplifications the ooefflelent 

of the surface strain on the boundary of two phases 

, ,. *'• ic / f 'it v k m 'i7. . 

( ordering and disordering ) are equal approximately to 


■TJ. 


m O ■ 'i, f i ^ 

10" 1 erg/cmf ’ 

* v ** « v.. J ' * ; ■ w • * r 

5. Por the superstructure CeCl type that realises it¬ 
self in e»(-soild‘solution Pe-Co Landau-Lifebita * e Veto 

. . <■-./’ v. H , y ' " ...i ,< 

on the phase transition ^orde^-disorder of the seooad 
kind is annuled. The shape of the temperature dependency' 
6* for the equiatomlo alloy and also the absence of 


risible expansion of the super. 
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investigated alloys testify actually about the em - 
bryonless transformation mechanism in this system. By 
cooling of the alloy PeCo below 500 °C considerable de¬ 
crease of parameter G* is observed. This decrease 
does not coincide with the extrapolated regular depen¬ 
dency (5” * C ( T ). This fact conform with the results 
/ 2 / about the existence of some transformation at 
5 oo° 0 . 

6 . The abnormal large region of the superstructure 
PeCo existence ( relatively with the other investiga¬ 
ted systems ) was obtained at a relatively rapid cool¬ 
ing of the alios from the high temperatures. The boun¬ 
daries of this region are near the low limit of the 

100 * 

solution concentration Y * where the idea of the 
* 

long atomic order loses already the sense by itself. 

The shape of this region is somewhat asymmetrical re¬ 
latively to the composition 50:50 that conforms with 
the extrapolated on the ^-region concentration de¬ 
pendency of the ferromagnetic Curie point / 3 /. 

7. The summary of the obtained results and the ana¬ 
lysis of some other dates permit attribute the super¬ 
structures Ni^Pe and PeCo to the fairly ample specific 
class of the superstructures of the magnetic solid so¬ 
lutions / 4 /. 
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